The Late Paleozoic sedimentary basins in the Northern Gemericum evolved gradually in time and space within the collisional tectonic regime of the Western Carpathian Variscan orogenic belt. The detrital zircon age spectra, obtained from the Mississippian, Pennsylvanian and Permian metasediments, have distinctive age distribution patterns that reflect the tectonic setting of the host sediments. An expressive unimodal zircon distribution, with an age peak at 352 Ma, is shown by the basal Mississippian metasediments. These represent a relic of the convergent trench-slope sedimentary basin fill. In comparison, the Pennsylvanian detrital zircon populations display distinct multimodal distributions, with the main age peaks at 351, 450, 565 Ma and smaller peaks at ~2.0 and ~2.7 Ga. This is consistent with derivation of clastic detritus from the collisional suture into the foreland basin. Similarly, the Permian sedimentary formations exhibit the multimodal distribution of zircon ages, with main peaks at 300, 355 and 475 Ma. The main difference, in comparison with the Pennsylvanian detrital zircon assemblages, is the sporadic occurrence of the Kasimovian-Asselian (306-294 Ma), as well as the Artinskian-Kungurian (280-276 Ma) igneous zircons. The youngest magmatic zircon ages nearly correspond to the syn-sedimentary volcanic activity with the depositional age of the Permian host sediments and clearly indicate the extensional, rift-related setting.
Introduction
The kinematic evolution of the Western Carpathian orogenic system was created during both Variscan and Alpine orogeny. Fragments of newly formed Variscan crust were incorporated into the Alpine Western Carpathian units, which documents the repeating subduction/collision and transform fault processes. The Variscan crust was gradually amalgamated due to crustal thickening during Devonian/Mississippian collision events. The Tournaisian/Visean deep-water turbidite trough in the Northern Gemericum, originated in a convergent embayment and was continued as a Pennsylvanian peripheral basin. The Upper Pennsylvanian/Permian post-collisional evolution of the Western Carpathian realm continued by development of transtension/transpression and rift-related continental sedimentary basins.
Fragments of the Late Paleozoic sedimentary basin fillings are only preserved inside of the internal structural zone of the Alpine Western Carpathian orogeny. They became a part of the principal crustal-scale Alpine units of the Central and Inner Western Carpathians. These are arranged in an order from N to S and from bottom to top in the Tatricum, Veporicum, Northern and Southern Gemericum and several cover nappe systems (Fatricum, Hronicum, Bôrka Nappe as a part of Meliaticum, Turnaicum and Silicicum) (Biely et al. 1996a, b; Plašienka et al. 1997; Rakús et al. 1998; Plašienka 2018 and references therein) .
Relics of the Carboniferous-Permian sedimentary sequences are present in the relatively wide range of sedimentary environments, evolving from deep-water through shallow-marine to paralic and continental. Within the framework of the whole Western Carpathian belt, the remnants of sedimentary rocks from this wide succession of sedimentary environments, and moreover in direct temporal sequence, are preserved only in the Northern Gemeric Unit (NGU; Fig. 1) ,. Petrofacial analysis of the Carboniferous-Permian sediments (Vozárová 1998 a, b) , supplemented by the detrital zircon geochronology, directly reflects the process of tectono-thermal evolution and exhumation of the Variscan collision suture in the Western Carpathians. The U-Pb age dating of detrital zircons from this area was completed for the first time by Vozárová et al. (2013) . From the NGU Carboniferous-Permian sediments, 172 zircon ages were obtained, with a relatively wide age variance, ranging from 260 to 2700 Ma. Their mutual proportions were gradually changing, depending on the lithostratigraphy and time-scale, from the oldest to the youngest sediments. To this data set 126 new zircon data have been added with the intention of obtaining more detail background for interpretation.
Geological setting of the NGU Carboniferous-Permian sedimentary sequences
The NGU zone contains relics of the Variscan collision suture, characterized by thrust wedges of the two pre-Carboniferous terranes, the medium/high-grade gneiss-amphibolite Klátov Complex and the low-grade Rakovec Complex, and relics of the Mississippian syn-orogenic deep-water turbidite sequence. Pennsylvanian shallow-marine to paralic and Permian continental sedimentary basins postpone the main collisional events (e.g., Bajaník et al. 1983; Spišiak et al. 1985; Vozárová & Vozár 1988; Hovorka et al. 1988; Németh 2002; Németh et al. 2004; Ivan 2009; Radvanec et al. 2017) . Defor mational and metamorphic events recorded in both pre-Carboniferous terranes occurred in the Late Devonian-Mississippian, which is documented by their reworked rock fragments within the overstepping Pennsylvanian conglomerates (Krist 1954; Vozárová 1973 Vozárová , 2001 and by several geochronological data (Vozárová et al. 2005 (Vozárová et al. , 2013 Putiš et al. 2008 Putiš et al. , 2009a . Those terranes experienced Alpine reworking (Dallmeyer et al. 1996 (Dallmeyer et al. , 2005 Lexa et al. 2003; Vozárová et al. 2005 Vozárová et al. , 2014 Putiš et al. 2009b) .
Mississippian: The Mississippian formations have been preserved as tectonic relics at the W-SW and E-SE boundary of the NGU. These suffered a significant shortening as a result of Alpine thrusting of the NGU on the underlying Southern Veporicum in the footwall along the Lubeník-Margecany Line (LML; Andrusov 1959) (Fig. 1) . Equally, the tectonic contact of the NGU with the Southern Gemericum is represented by the Hrádok-Železník Line (HZL) in the hanging wall (defined by Abonyi 1971) , which continues into a system of thrust faults to the east (Fig. 1) . The Mississippian turbidite wedges, supposedly derived from the Variscan suture, were interpreted as the fill of an intrasuture remnant ocean basin (Vozárová & Vozár 1988) or foredeep basin (Neubauer & Vozárová 1990; Ebner et al. 2008) . In spite of orogenic/metamorphic reduction the present thickness of the Mississippian formations is estimated >1000 m (Vozárová 1996) . A completely different opinion on the genesis of the Mississippian rock sequence was given by Novotná et al. (2015) . The authors interpreted Biely et al. 1996 and Bajaník et al. 1984a) , showing localities of the studied detrital zircon samples. Abbreviations: LML -Lubenik-Margecany Line; HZL -Hrádok-Železník Line.
the basal part of the Ochtiná Group (the Hrádok Fm. according to the lithostratigraphic classification by Vozárová 1996, Fig. 2) as a tectonic melange formed during the Cretaceous collision at the boundary of two major crustal nappes, the Gemericum and Veporicum. It is, however, necessary to emphasize that the Mississippian succession represents a sedi mentary formation with typical features of deep-water turbidite sedimentation, but certainly strongly tectonically reworked during the Cretaceous orogenic processes.
The whole Mississippian sequence was deformed in the P-T conditions of greenschist facies. Fine-grained muscovite from the Hrádok Formation reflects the complex Alpine overprint Fig. 2 . Schematic lithostratigraphic columns of the Carboniferous-Permian sedimentary formations in the Northern Gemericum (modified after Vozárová 1996 and Vozárová et al. 2015) with sample locations. a -W and SW part; b -N part; c -E and SE part.
( 40 Ar/ 39 Ar -87 Ma at the rim to 142 Ma in the core, Vozárová et al. 2005; 40 Ar/ 39 Ar -84 Ma, Putiš et al. 2009b ). The Mississippian volcano-sedimentary sequence, defined by Vozárová (1996) as the Ochtiná Group (Fig. 2) , is represented by the deep-water turbidite sediments in its lower part (the Hrádok and Črmeľ formations) and shallow-water, shaly-carbonate sediments in its upper part (Lubeník Formation, inclusive Bankov Beds).
The Hrádok Formation (Fm.) consists of a dark-grey and black clastic turbidite sequence, metaparaconglomerates, metasandstones, and metapelites, interlayered with metabasalts, metamicrodolerites and basic metavolcaniclastics. Sporadic lydites and siliceous metapelites were found only in thin layers and lenses. Slabs of ultramafic rocks (oceanic crust fragments) represented by antigorite serpentinites and tremolite-talc schists and scarce amphibolites as well as actinolite green-schists are integral part of this deep-water turbidite slope/rise sequence. A monotonous complex of dark-grey and black metapelites, overlying the relatively coarser-grained basal part of the Hrádok Fm., yielded a microflora indicating the Upper Turnaisian-Visean age (Bajaník & Planderová 1985) .
The Mississippian sequence of the Črmeľ Fm. (Fig. 2c ) represents a distal turbidite complex consisting of alternating metapelites, fine-grained metasandstones, basic to intermediate metavolcanics and its metavolcaniclastics, subsidiary carbonates and lydites (Bajaník et al. 1984a; Grecula 1998) . Small amounts of acid volcanoclastic detritus are unevenly dispersed in its basal part. The Tournaisian-Visean age of the Črmeľ Fm. was indicated by microflora assemblages by Snopková in Bajaník et al. (1984b) .
The overall upward-shallowing Mississippian sequence is interpreted as a reflection of progressive basin filling. The youngest Mississippian sedimentary rocks (Lubeník Fm.; Vozárová 1996; Fig. 2) are represented by the Upper Visean-Serpukhovian black shales and bioclastic carbonates, well documented by fauna, mainly in the western part of their occurrences (Bouček & Přibyl 1960; Kozur et al. 1976; Zágoršek & Macko 1994; Mamet & Mišík 2003) .
Pennsylvanian: The Pennsylvanian transgressive sequence rests unconformably on the two NGU pre-Carboniferous complexes (Klátov and Rakovec) and, also, on the Mississippian succession in the E-SE realm of NGU ( Fig. 2) and fix up the Variscan thrust/nappe structure. The Upper Bashkirian-Moscovian sequence started after a break of sedimentation, with boulder to coarse-grained delta-fan conglomerates (the Rudňany Fm., Fig. 2 ). They contain a detritus derived from both pre-Carboniferous complexes (Klátov and Rakovec), as well as, from the Mississippian sedimentary rocks (Krist 1954; Vozárová 1973; Vozárová & Vozár 1988) . How ever, sporadic "exotic rocks", which do not occur on the NGU surface today, were found. They include pebbles of plagio granites, granitoides, orthogneisses and metaquartzites (Vozárová 1973 (Vozárová , 2001 . Black shales and mica-rich grey sandstone intercalations are normal members of the fining upward Rudňany Fm. They contain Pennsylvanian macroflora remains which were determined by Němejc (1947) . The 370-380 Ma 40 Ar/ 39 Ar cooling age data of white mica from metasandstones and gneiss pebble indicate a first step of the Variscan collisional suturing in the NGU zone (Vozárová et al. 2005) . After initial rapid sedimentation the littoral to shallow-neritic limestones were associated with grey and black shales. This siliciclastic-carbonate lithofacies correspond to the basal part of the Zlatník Fm., which the Moscovian age is indicated by rich trilobite (Rakusz 1932; Bouček & Přibyl 1960) and conodont fauna (Kozur & Mock 1977) .
The upper part of the Zlatník Fm. comprises fine-grained clastic metasediments associated with basalts and their volcaniclastics. Poor microfloral assemblages proved the Pennsylvanian age, but not an accurate division. This succession was formerly defined as the Zlatník Fm. (ZF) by . However, Ivan (1997) and Ivan & Méres (2012) separated this complex of basic metavolcanics and metavolcaniclastics, associated with small amounts of fine-grained metasediments from the ZF. The authors defined this new lithostratigraphic unit as the Zlatník Group. This strongly contradicts the priority rule of the stratigraphic code (Michalík et al. 2007 ). If we assume that this set of basic volcanic lies in the tectonic position on the basal sediments of the ZF strata, then it should be included in the pre-Carboni ferous NGU basement, most likely in the Rakovec Complex. This would also be indicated by the detected zircon ages from the ZF basic metavolcaniclastic, aged from 478 to 521 Ma (only four zircon grains, Vozárová unpublished data), as well as 388-382 Ma magmatic age from metabasalts (Putiš et al. 2009a) . However, such a low number of zircon data does not entitle us to consider such an interpretation.
Termination of the Pennsylvanian peripheral basin is reflected by the paralic sequence of the Hámor Fm. (Fig. 2 ). It is characterized by distinct cyclical coarsening-upward shalysandy-conglomeratic sediments, an absence of synsedimentary volcanism and a local occurrence of ribbed coal seam. Poor microflora assemblages proved uppermost Moscovian age (Planderová & Vozárová 1980) . Permian: Continental Permian red-beds unconformably overlapped slightly deformed relics of the Moscovian peripheral basin filling, as well as two pre-Carboniferous NGU crystalline complexes and the Mississippian sequences ( Fig. 2) . Prevalent clastic sediments derived from the collision belt are associated with andesite/basalt-rhyolite volcanism (Rojkovič & Vozár 1972; Václav & Vozárová 1978; Bajaník et al. , 1983 Novotný & Miháľ 1987; Rojkovič & Miháľ 1991 and references therein). The basal part (Knola Fm.) contains mostly poorly sorted polymictic conglomerates and breccias of extremely variable thickness, with pebble material reflecting the composition of the direct underlier (fossil mudflows relieved by alluvial, mainly stream channels, Vozárová 1996 Vozárová , 1998b . The polyphase volcanic activity manifested large sedi mentary cycles. Sediments are characterized by a low degree of maturity and mixture of volcanic and non-volcanic detritus. The most striking features are the fining-upward alluvial cycles, with channel lag, point-bar and floodplain facies, alternating with playa at the topmost part of the large cycles.
The existing monazite and U-Pb SHRIMP zircon ages yield Cisuralian ages (Kungurian) for both, the acid and basic volcanic members (278 Ma -monazite, Rojkovič & Konečný 2005; 272-275 Ma -U-Pb zircon ages, Vozárová et al. 2012 ). The last volcanic phase was linked with extension at the Permian-Triassic boundary, connected with the beginning of the Alpine orogenic cycle (257.2 ± 3.0 and 255.6 ± 3.7 Ma Re-Os molybdenite ages, Kohút et al. 2013; 251 ± 4 Ma U-Pb zircon ages, Vozárová et al. 2015) .
The NGU Permian-Triassic volcanic event seems to be approximately coeval with the sedimentation of the Novoveská Huta Fm. evaporite member that is correlated with the Zechstein (Continental Stage) based on S and O isotopes (Kantor et al. in Vozárová 1997) . The polymictic conglomerates (the Strážany Beds; Miháľ in Rojkovič & Miháľ 1991) that underlie this evaporate lithofacies, contain fragments of volcanics, which were redeposited from the Cisuralian volcanic suite. On the account of that, the stratigraphic gap from the mid-Guadalupian to the Lopingian, is supposed to be trustworthy (Vozárová et al. 2015) (Fig. 2c ).
Analytical methods
The rock-forming minerals were studied by an electron microprobe (CAMECA SX-100, in the laboratory of the Geological Survey of Slovak Republic, Bratislava). Zircons have been extracted from the rocks by standard grinding, heavy liquid and magnetic separation analytical techniques. The internal structure of individual zircon crystals was examined with cathodoluminescence (CL) imaging by SEM (CamScan M2500 Oxford Instruments). In situ U-Pb analyses were performed using a Sensitive High-Resolution Ion Microprobe (SHRIMP-II) at the Centre of Isotopic Research (CIR) in A.P. Karpinsky Russian Geological Institute (VSEGEI), by applying a secondary electron multiplier in peak-jumping mode, based on the procedure described by Williams (1998) . Primary beam size allowed for the analysis an area of ca. 25×20 µm. CL, BSE and optical (transmitted light) imaging was applied to reveal the internal and surface features that were used to choose the position of analytical spots on the mostly homogeneous inclusion-free parts of individual zircon grains. The 80 µm wide ion source slit, in combination with a 100 µm multiplier slit, allowed for the mass-resolution M/∆ M ≥ 5000 (1% valley); hence, all the possible isobaric interferences were resolved. The following ion species were measured in the sequence: 196 (Zr 2 O) -204 Pb -background (ca. 204.5 AMU) -206 Pb -207 Pb -208 Pb -238 U -248 ThO -254 UO. At least 4 mass-spectrums were acquired for each analysis. Zircon Temora-1 (Black et al. 2003) was measured as the main reference material (RM): one analysis per every four analyses of unknowns to obtain their U/Pb ratios. Zircon 91500 (Wiedenbeck et al. 1995) was used as a concentration RM. The obtained results were processed by the SQUID v1.12 (Ludwig 2005) and ISOPLOT/Ex 3.75 (Ludwig 2012) software, with decay constants recommended by Steiger & Jäger (1977) , including modern corrections, e.g. Hiess et.al (2012) . Common lead correction was done on the basis of the measured 204 Pb/ 206 Pb ratio. The ages given in this text, if not additionally specified, are 207 Pb/ 206 Pb for zircon older than 1.0 Ga, and 206 Pb/ 238 U for those younger than 1.0 Ga. The degree of discordance was calculated according to the following formula: % D =100 * (Age 207/206 /Age 206/238 −1). The uncertainties are quoted at standard deviation level (1s, i.e. 68.3 % confidence) for individual points and at 2 s level in the Concordia diagram, for the Concordia ages or any previously published ages discussed in the text. Age distributions of detrital zircons are displayed as Kernel Density Estimates (Vermeesch 2012) . Only analyses that produced concordant ages within 10 % (−10 < % D < +10) were used. The time-scale calibration of the International Chronostratigraphic Chart (2018-8) was used to compare geochronological data from detrital zircons with fossil-bearing sedimentary units and tectono-thermal events.
Results

Sample characteristics
Seven samples have been processed for zircon dating from the Carboniferous-Permian sandstones of the NGU succession (Figs. 1, 2). From one previously dated sample an additional zircon dating was made (LA-66; Vozárová et al. 2013) .
Hrádok Fm.: The sample GZ-28 was collected from the upper part of the Hrádok Fm., SE from the Sušanský vrch elevation, along a forest road cut, 421 m above sea level (GPS coordinates: 48°35.504'N, 20°03.076'E). This metasandstone displays a strong foliation, with indication of crenulation cleavage in places. Primary mineral composition was considerably changed due to a strong Alpine deformation and recrystallization. Quartz and detrital micas are the most frequently preserved detrital grains. Primary clayey matrix and feldspar clasts were recrystallized and became a fine-grained aggregate of "pseudomatrix" (ca. 40 % of the whole rock). This consists of quartz+muscovite±paragonite and graphite.
Rudňany Fm.: Two cobbles from the basal part of the Rudňany Fm. were gathered for zircon dating. The sample GZ-36A was collected from the forest slope cliff east of the Košická Belá Village, 478 m above sea level (GPS coordinates: 48°48.443'N, 21°07.083'E). This is represented by the metaquartzite with non-uniform granoblastic texture and relics of primary roundness on the surface of selected quartz grains. Besides quartz grains (ca. 98 %) scarce fragments of acid felsites and quartzose phyllites were recognized. Zircon, rutile and tourmaline are common heavy minerals.
The cobble GZ-55 was taken from the forest cliff SE of the Poráč Village, 650 m above sea level (GPS coordinates: 48°52.220'N, 20°42.531'E). It represents biotite-plagioclase orthogneiss with a lepidogranoblastic texture that is characterized by alternating light and dark bands differing in mineral composition. The light bands contain mainly quartz and plagioclase and only sporadic orthoclase. Plagioclases express an oligoclase composition range (Or =1 %, Ab =75 %, An = 24 %; average from five analysis) (Supplement , Table S1 ). K-feldspar is perthitic with microcline twinning in places. The darker bands consist of biotite associated with small amounts of garnet (Prp = 9 %, Sps = 5 %, Alm = 71 %, Grs =15 %; average from three analyses). The minerals are oriented parallel to schistosity. This gneissic rock was affected by powerful secondary alteration, manifested by a sericitization of feldspars and a total chloritization of biotite and partially of garnet. Accessory apatite and zircon are present.
The sample GZ-35 represents the composition of sandstones from the upper part of the Rudňany Fm. It was collected along the small gorge at the E edge of the Košická Belá Village, 413 m above sea level (GPS coordinates: 48°48.317'N, 21°06.913'E). This coarse-grained sandstone is strongly foliated, with individual greater clasts deformed along the foliation planes. Quartz, detrital micas and lithic fragments of different phyllites, mica schists and volcanics are the prevalent primary association. Feldspars are present sporadically. Recrystallized "pseudomatrix" is characterized by preferred orientation of quartz-sericite aggregates, which most probably also involved a part of the lithic fragment detritus.
Hámor Fm.: Two samples have been collected from the Hámor Fm. The sample GZ-27 comes from western edge of the Poproč Village, 555 m above sea level (GPS coordinates: 48°35.082'N, 20°01.950'E). As a consequence of a strong Alpine deformation in the shear-zone along the LML (Fig. 1) , the metasandstone is strongly recrystallized and foliated. The dominant part of the mineral composition is formed by undulatory quartz grains, which have undergone a dynamic recrystallization. Other immature detrital grains (supposed feldspars or volcanic and lithic fragments) are completely recrystallized into strongly preferred, fine-grained quartz + sericite ± graphite aggregates. Detrital mica is distinguishable.
The sample 29-LA was collected along a regional road cut 1 km SW from the Margecany Village, 343 m above sea level (GPS coordinates: 48°53.208'N, 21°00.339'E). Prevalent quartz grains (73 %), associated with plagioclase (7 %), K-feldspar (4 %), detrital mica (4 %) and lithic fragments (12 %) are characteristic for the mineral composition of this quarzolithic metasandstone. Various types of phyllites, fine-grained sandstone, lydite, acid volcanics and sporadically crystalline schists have been identified among the lithic fragments. The studied metasandstone is characterized by a massive, partly foliated blastopsammitic texture. Dominant are the clastic grains displaying a variable degree of pressure solution and a fine-grained recrystallized matrix (on average 20 %), consisting of quartz+sericite±chlorite, with preferred orientation.
Petrova Hora Fm.: The sample 74-LA was taken from the eastern occurrences of the Petrova Hora Fm., 1.2 km W from the Jaklovce Village, 361 m above sea level (GPS coordinates: 48°52.131'N, 20°58.670'E). This sandstone displays red-violet colour and immature mineral and textural composition, typical for "red-beds" facies. Among detrital grains the quartz (55 %), plagioclase (8 %), K-feldspar (4 %), volcanic and lithic fragments (16 %) and detrital micas (17 %) were recognized. Relatively rich matrix (27 %) contains quartz, sericite and abundant hematite pigment.
Novoveská Huta Fm.: No new sample was collected from the Novoveská Huta Fm. The original sample LA-66, published in the article Vozárová et al. (2013) has been supplemented by new 10 measurements that were once again recalculated together with the older age data.
Zircon dating
Mississippian population
The detrital zircon age data were acquired from the sample GZ-28, which was collected from the upper part of the Hrádok Formation (Fig. 2) . Comparison with the previously published sample LA-81 (Vozárová et al. 2013) , which was located in the basal part of the Hrádok Formation, established the occurrence of the Early Ordovician/Late Cambrian detrital zircon ages in the range from 482 ± 5 to 509 ± 6 Ma ( Fig. 3 ). All of them show characteristic features of a magmatic origin, with the 232 Th/ 238 U ratio values between 0.29 and 0.39 and oscillation growth zoning ( Fig. 3c ; Supplement, Table S2 ). One exception is represented by spot 12, which gave the 499 ± 4 Ma age ( Fig. 4) . That was indicated by the narrow rim that mantled the oscillatory zoned and corroded zircon core. The main characteristics of spot 12 are low 232 Th/ 238 U ratio value (0.09) and texture indicating a local recrystallization.
The second group of detrital zircons is determined by the Visean and Famennian ages. Two of them, 330 ± 2 and 367 ± 4 Ma old, show the typical features of magmatic origin with fine oscillation growth zoning and characteristic 232 Th/ 238 U ratios of 0.40 and 0.95, respectively. Two other zircon grains display the age of 340 ± 2 and 368 ± 2 and low 232 Th/ 238 U ratios of 0.02 and 0.04, respectively ( Fig. 3c ). Both zircons are preserved as the homogeneous inherited cores, which were mantled by the fine-oscillation growth zoned rims.
The last group of detrital zircon ages belongs to the Precambrian. One spot is 566 ± 6 Ma old (Ediacaran) and other one 2045 ± 27 Ma old (Orosirian). Further three zircon grains are ranging from 2694 ±13 to 2760 ± 8 Ma (Neoarchean).
Thus, the studied detrital zircon age distribution, shown by the Probability Density Plot (PDP), identify the main peak at the 340, 483 Ma and further smaller peaks at 568 and 2696 Ma (Fig. 3b ).
Pennsylvanian population
Rudňany Formation -basal part
The sample GZ-36A represents metaquartzite, indicating the detrital origin of the all analysed zircon grains. From the investigated detrital zircon set, Phanerozoic age was found in only one zircon grain, which corresponds to the 537± 6 Ma (lowermost Cambrian, Fortunian Stage) (Supplement, Table  S2 ). All others zircon data confirm the Precambrian with dominance of the Paleoproterozoic, ranging from 1888 ± 28 to 2136 ±13 Ma (7 grains) and the Neoarchean, ranging from 2514 ± 24 to 2770 ±11 Ma (7 grains). The last two zircon grains gave the 2834 ± 20 and 2941± 22 Ma ages that document Mesoarchean. Correspondingly, the remarkable age peaks on the PDP are at 2028 and 2688 Ma age and smaller peaks at 537 and 576 Ma (Fig. 5) . Evidently, the majority of the analysed zircon grains show a typical feature of magmatic origin, reflected by the 232 Th/ 238 U ratio values within the range of 0.27-1.95 (Fig. 3c ). This is also documented by the fine growth oscillatory zonation. However, within the Paleozoic and Archean zircons later recrystallization can be observed, which has led to a gradual fading of original growth zoning. This could be correlated with Pb loss, probably caused by a later metamorphic recrystallization ( Fig. 4 ). Among the studied detrital zircon assemblage only one grain 2007±18 Ma is characterized by a very low 232 Th/ 238 U ratio value (0.08) and homogeneous internal texture, suggesting thus a metamorphic origin ( Fig. 3c ; Supplement, Table S2 ).
The sample GZ-55, represented by the orthogneiss cobble, displayed a further unique zircon population (Supplement, Table S2 ). The Concordia diagram clearly shows the bimodal distribution of the age data, corresponding to the Middle/ Upper Devonian and Cambrian, respectively ( Fig. 5 ). Cambrian ages, ranging from 510 ±1.5 to 534 ± 2.5 Ma are dominant. The 206 Pb/ 238 U Concordia age, calculated from the three concordant spots, gave 508.8 ± 4.3 Ma (Fig. 5 ). All of the analysed grains show the 323 Th/ 238 U ratio values in the range of 0.20-0.39, indicating origin from acid magmatic rocks ( Fig. 3c ). Relics of the fine oscillatory growth zoning is currently observed, with some traces of recrystallization (enclaves of convolute or patchy textures). A further two zircon grains produced younger ages, 504.4 ±1.6 Ma and 491.6 ± 3.8, and are characterized by relatively lower 232 Th/ 238 U ratio values, 0.08 and 0.10, respectively (Fig. 3c ). This strongly indicates a late magmatic or metamorphic recrystallization. It is necessary to emphasize that all studied zircon grains are mantled by the narrow light rims. Two of these rims, those that could be measured, were analysed and gave ages of 385.7±6.3 and 386.7±4.9 Ma that are almost equal within the error (Fig. 4 ). The relatively low 232 Th/ 238 U ratio values, 0.06 and 0.01, respectively, indicate metamorphic recrystallization.
Rudňany Formation -upper part
This is represented by a detrital zircon population from the sandstone samples GZ-35. The comparable detrital zircon groups are represented by the Tournaisian-Famennian ages, ranging from 350.8 ± 5.2 to 363.9 ± 5.4 Ma. The 206 Pb/ 238 U Concordia age, calculated from the six concordant spots, gave 355.9 ± 4.3 Ma, which is well indicated by 356 Ma peak on the PDP diagram (Fig. 6 ). The 232 Th/ 238 U ratios of less than 1, ranging between 0.30 and 0.84, as well as a growth zoning indicate their derivation from an acid magmatic source (Fig. 3c ). The older Phanerozoic detrital zircons are 384.1± 5.5 and 497.1±7.7 aged, with 232 Th/ 238 U ratio values of 0.35 and 0.27, respectively (Supplement , Table S2 ).
Next part of the GZ-35 detrital zircon set is formed by the Precambrian population. From those two zircon grains yielded Cryogenian, 671.7± 9.7 and 724.0 ±12 ages. The other grain gave 781.0 ±13 Ma of Tonian age. Among these, only 671.7 Ma zircon exhibits the 232 Th/ 238 U ratio higher than 1 (1.95), what reveals a basic magmatic source (Fig. 3c) . A further five zircon grains belong to the Mesoproterozoic (2028.0 ± 8 Ma), the Neoarchean (2619.5 ± 8.3 and 2665.7± 9.7 Ma) and the Mesoarchean (2998.0 ±16 Ma). Based on the 232 Th/ 238 U ratios, the majority of these zircons demonstrate acid magmatic sources. The only exception is the zircon grain 2028 Ma old with 0.01 232 Th/ 238 U ratio value, presumably indicating a metamorphic source (Supplement , Table S2 ).
Thus, the whole Rudňany Fm. zircon assemblage (samples GZ-35 + GZ-36A + GZ-55) indicate the following four age peaks on the PDP diagram: 356, 518, 2028 and 2688 Ma (Fig. 6.) .
Hámor Formation
Two samples have been collected from the Hámor Formation; sample 29-LA from the eastern and sample GZ-27 from the western part of the NGU surface occurrences (Figs. 1, 2) .
Sample 29-LA: The youngest detrital zircon ages vary from 346.2 ± 5.8 to 383.0 ± 6.3 Ma (Fig. 7) . Fine oscillation growth zoning, as well as 232 Th/ 238 U ratio values between 0.29 and 0.38 indicate derivation from an acid magmatic source ( Fig. 3c ; Supplement, Table S2 ). The Middle Ordovician magmatic source is documented by two grains, 464.7±7.5 and 453.0 ±7.6 Ma old ( 232 Th/ 238 U ratios 0.36 and 055). Besides, the 475.7± 8 Ma homogeneous metamorphic rim ( 232 Th/ 238 U ratio = 0.02), the mantled old core 1269.0 ±7.1 was observed (Supplement ,  Table S2 ). One solitary detrital zircon grain of 496.8 ± 8.1 (Furongian) was found. A frequent set of detrital zircons ranges from 544.7± 8.8 Ma to 622.0 ±14 Ma. The Concordia age, calculated from seven concordant data yielded 595.0 ±12 Ma, which clearly represents the Ediacaran Period. Three further zircon grains in the age of 724.0 ±13, 843.0 ±17 and 878.0 ±14 Ma correspond to the Tonian. The oldest zircons detected are 2095.0 ±13 and 2195.0 ±10 Ma old. In general, the distribution of detrital zircons ages is well presented on the PDP with the main peaks at 468, 561 and 596 Ma and small peak at ~2.1 Ga (Fig. 7) .
The majority of the studied detrital zircons demonstrate the 232 Th/ 238 U ratio values less than 1, thus indicating acid magmatic sources (Fig. 3c ). Some Ediacaran zircons show 232 Th/ 238 U ratio values in the range of 1.04-2.07, which could specify an intermediate and/or mafic magmatic source (Supplement , Table S2 ).
Sample GZ-27: Compared to the sample 29-LA, the age spectrum of detrital zircons begins at the Moscovian, which is denoted by the two grains of 308 ± 2 and 309 ± 2 Ma old ( Fig. 7) . Both display by their oscillatory growth zoning and 232 Th/ 238 U ratio values of 0.85 and 0.28, respectively. One zircon grain revealed the 460 ± 5 Ma age (Middle Ordovician), characterized by growth zoning and a relatively high 232 Th/ 238 U ratio value, equalling to 1.66 (Fig. 3c ). The next group of zircons is signified by three Cambrian grains, aged from 497± 4 to 522 ± 9 Ma. All display the growth zoned internal texture and 232 Th/ 238 U ratio values in the range of 0.61-1.22, which indicate derivation from an acid/intermediate magmatic source (Fig. 3c ; Supplement, Table S2 ). The whole age spectrum of detrital zircon ages is clearly visible on the PDP, especially the peaks at 309 and 502 Ma, and two sub-peaks at 578 and 2450 Ma (Fig. 7) .
More than half the studied detrital zircon grains proved Precambrian ages (Supplement , Table S1 ). From these, one grain is identical with Ediacaran, of the 577± 6 Ma aged. A further nine zircon grains are scattered from 2066 to 2936 Ma. Three of them express the Paleoproterozoic, ranging from 2066 ± 38 to 2451±13 Ma and additional two Neoarchean of 2552 ±15 and 2681±15 Ma. The oldest group of detrital zircons belong to the Mesoarchean with ages of 2709 ±15, 2832 ± 26 and 2936 ±13 Ma (Supplement , Table S1 ).
Permian population
Petrova Hora Formation
The cluster of detrital zircon data from the sample 74-LA yielded concordant ages, mainly between 298 and 493 Ma ( Fig. 8 ; Supplement, Table S2 ). The youngest detrital zircon gave the age of 298.4 ± 5.7 and 303.4 ± 6.8 Ma, both almost within the analytical errors. They display a fine-oscillation growth zoning and 0.34 and 0.30 232 Th/ 238 U ratio values, compatible with an acid magmatic source (Fig. 3c ). The 300.8 ± 8.1 Ma Concordia age has been provided from these two data. However, among the studied detrital zircon set, Late Devonian-Mississippian ages, ranging from 346.4 ± 6.6 to 379.4 ±7.2 Ma are prevalent, with 232 Th/ 238 U ratios from 0.14 to 0.69. The Concordia age, calculated from four concordant spots, gave 353.4 ± 6.5 Ma (Fig. 8) . Rare Silurian ages were determined for two grains. The first grain documents a magmatic event at 434 ± 8 Ma with 232 Th/ 238 U ratio value of 0.40. The second grain corresponds to the 433 ± 9 Ma of the Middle Silurian metamorphic event and has a characteristic low 232 Th/ 238 U ratio value (= 0.01). Three detrital zircon grains gave the Middle-Upper Ordovician age, whereas one grain presented age of 448.9 ± 8.4 Ma with a relatively low 232 Th/ 238 U ratio value (= 0.09). Nevertheless, this grain shows a growth zoning even in internal texture, though slightly deformed. The other two grains (455.8±9.1 and 464.0±8.7 Ma) display characteristic features of magmatic origin, meaning oscillatory growth zoning and 232 Th/ 238 U ratio values of 0.52 and 0.66, respectively (Fig. 3c ). Only one zircon grain gave , Table S2 ).
Thus, the main peak at 350 Ma, accompanied by two subpeaks at 301 and 456 Ma are emphasized on the PDP diagram (Fig. 8) .
Novoveská Huta Formation
A detrital zircon analysis from sample LA-66 was first published in the article Vozárová et al. (2013) . At present the set of measurements has been completed by the additional data and recalculated. Detrital zircon ages show a relatively good concordance, 30 analysed concordant spots out of 33 (Supplement, Table S2 ). The Concordia ages, calculated from the cluster along the Concordia curve, show 294.2 ± 6.9 Ma (from seven spots), 363.5 ± 4.5 (from ten spots) and 488.9 ± 8.2 Ma (from five spots) (Fig. 9 ). The youngest detrital zircon ages are ranging from 275.8±5.9 to 305.9±6.1 Ma. The magmatic origin of this population is confirmed by the 232 Th/ 238 U ratio values ranging from 0.24 to 0.61 and a characteristic oscillatory growth zoning. Upper Devonian to Mississippian ages ranging from 352.7 ± 6.6 to 379.3 ±7.4 Ma are dominant. The majority of this detrital zircons group is of magmatic origin, documented by 232 Th/ 238 U ratios in the range of 0.10 -1.12, as well as an oscillatory growth zoning. The only exception is spot 24, determined on the rim of xenocrystic core, with 0.02 value of 232 Th/ 238 U ratio, indicating the Mississippian/Famennian metamorphic event (356.8 ± 6.7 Ma). Similarly, two spots in the age of 471.3 ± 9.7 and 480.8 ± 9 Ma (Lower Ordovician) were determined within the rims that mantled the strong resorbed xenocrystic cores, with 232 Th/ 238 U ratio of 0.08 and 0.02, respectively. Another three detrital zircon grains, ranging from 513.0 ±10 to 495.3 ± 9.3 Ma ages (Upper Cambrian), show the oscillatory zoned internal texture and 232 Th/ 238 U ratios between 0.21-0.53 that confirm presumably acid magmatic sources. Precambrian detrital zircons are scarcely presented in the studied sample (5 grains). One of these, with the age of 588.0 ±12 Ma belongs to the Ediacaran, another one of 1502.2 ± 9.8 Ma to the Calymmian, and the last four zircons are Paleoproterozoic-Neoarchean of 2314.0 ± 22, 2653.2 ± 4.2, 2697.3 ± 9.9 and 2725.0 ±15 Ma.
Whole zircon age spectrum from the sample LA-66 is characterized on the PDP diagram by the dominant peak at 364 Ma, and smaller peaks at 301, 494 and 2655 Ma are revealed ( Fig. 9 ).
Discussion
The age distributions from previous (Vozárová et al. 2013) and recent detrital zircon data are displayed as Kernel Density Estimates (Fig. 10) . The whole set of measurements of the Mississippian Hrádok Fm. show the noticeable unimodal distribution with peak at 352 Ma (Fig. 10) . The substantial part of the whole studied detrital zircon population was derived from magmatic sources, which is indicated by higher Th/U ratios, ranging from 0.3 to >1. Only three analysed spots in the age of 340 ± 2, 356 ±7 and 368 ± 4 Ma, from the whole Famennian/ Tournaisian zircon assemblage, have typical features of metamorphic origin, with low Th/U ratio values (0.02-0.04) and a weak or absent growth zoning. These spots represent metamorphic cores that are thinly rimmed by magmatic zircons, indicating a reworking during later stages of the Variscan magmatic cycle. Two metamorphic rims aged of 356 Ma and 565 Ma were found around the older detrital magmatic zircons (2.43 Ga and 2.66 Ga, respectively). This clearly documents the repeated recycling of the old zircon derived from the Paleoproterozoic/Neoarchean crust surpassing a strong Neoproterozoic and Variscan metamorphic overprint.
Detrital zircon age spectra reflect the tectonic setting of the basin in which the studied sediments were deposited and thus represent major phases of crust formation (Condie et al. 2009; Hawkesworth et al. 2010; Cawood et al. 2012) . Large volumes of magma are generated in convergent plate margin settings. Convergent margin basins have a high proportion of detrital igneous zircons (generally greater than 50 %) with unimodal distribution. The crystallization ages are close to the age of host sediments (Cawood et al. 2012) . In fact, the 370-344 Ma zircon ages include approximately 75 % from the whole zircon age data of the Hrádok Fm. and the 352 Ma peak age is nearly corresponding to its depositional age (Tournaisian-Visean microfloral assemblages documented by Bajaník & Planderová 1985) .
Basins that contain a large number of igneous zircons with ages close to the time of sediment accumulation reflect the set ting of the magmatic activity (e.g., forearc, trench, and backarc basins on convergent plate margins) (Dickinson & Gehrels 2009; Condie et al. 2009; Cawood et al. 2012) . The presence of zircon grains with ages approximating to the time of accumulation of the host sediments is likely to reflect the proximity of the basin to a plate margin (Hawkesworth et al. 2010 ). The NGU Mississippian metasedimentary rocks have a unimodal detrital zircon population, which is similar to the depositional age of the Hrádok Fm. The latter sedimentary record shows the detrital zircons clustering within the 352 Ma peak that indicates the main crystallization age of magmatites in the supposed source area. Thus, this unimodal igneous zircon detritus reflects an extensive clastic input from a supposed magmatic arc into the deep-slope Hrádok Fm. basin, situated along an active margin, what is consistent with a convergent margin setting.
Completely different detrital zircon distributions are displayed on the KDE plot from the Pennsylvanian Rudňany and Hámor formations. The basal Rudňany Fm. shows a multimodal distribution, with the peaks at 357, 520, 667, 2021 and 2696 Ma (Fig. 10a) . Similarly, detrital zircon populations from the Hámor Fm. display main peaks at 335, 453 and 577 Ma on the KDE plot (Fig. 10a ). These patterns reflect the variable amount of zircon detritus derived from the Tournaisian/ Famennian syn-collisional magmatism, as well as older ages, reflecting units incorporated in the Variscan orogenic belt. A relatively higher presence of the Cambrian-Ordovician and the Ediacaran-Cryogenian zircon ages and increasing number of the Paleoproterozoic-Neoarchean zircon grains are characteristic. These detrital zircon age spectra correspond to an inconstant and mixed source area that is characteristic for the collisional belt provenance (Dickinson & Gehrels 2009 and references therein). The next group of selected detrital zircons was collected from the Permian red-beds, at the Petrova Hora and Novoveská Huta formations. Both formations reveal nearly similar age peaks on the KDE plot, in the range of Lower/Middle Ordovician (486 vs. 460 Ma) and Mississippian (356 vs. 350 Ma) (Fig. 10) . Among detrital zircons the occurrences of the Gzhelian-Asselian igneous zircons in the range from 306 ± 6 to 296 ± 6 Ma are exceptional. A small number of the Artinskian-Kungurian ages, ranging from 281± 6 to 276 ± 6 Ma were identified within the Novoveská Huta Fm. zircon population. They represented reworked zircon grains from the syn-sedimentary volcanic events. In general, the distribution of detrital zircons within both Permian formations reproduce the post-collisional tectonic setting (extensional basins in the sense of Cawood et al. 2012) . Small number of zircon ages close to the depositional age of the Permian sedimentary formations (Artinskian-Kungurian) reflect a riftrelated magmatic activity.
The presented detrital zircon ages, with the main peaks at 300, 355, 455, 492, 562 and ~ 2.0 and ~ 2.7 Ga on the KDE plot ( Fig. 10b) , specify generally, the provenance of the NGU Carboniferous-Permian sediments from the Western Car pathian Crystalline Basement (WCCB) crust and the pre-Carboniferous complexes of the Northern Gemericum Basement. As the latter complexes consist mainly of the zircon poor rocks (metabasalt, amphibolite, metagabbro, serpentinite, phyl lite), the studied detrital zircon population largely reflect derivation from the WCCB crust. This contradicts the petrofacial analysis of the lithic fragments within the NGU Carboniferous-Permian sediments, containing detritus from the NGU pre-Carboniferous complexes predominantly (Vozárová 1973 (Vozárová , 1996 (Vozárová , 1998 Vozárová & Vozár 1988 and references therein).
The large number of magmatic zircon data, ranging from 370 to 340 Ma, were published from the Tatricum and Veporicum granitoids, which document the evidence of successive I-to S-type granitic magmatism (Bibikova et al. 1988; Kráľ et al. 1997; Putiš et al. 2003; Poller et al. 2005; Kohút et al. 2009; Burda et al. 2011 Burda et al. , 2013 Broska et al. 2013; Gawęda et al. 2016) . This time interval includes pre-plate and late-orogenic/anatectic events of magmatic activities of the Variscan orogeny. Second important tectono-thermal events, which have been ascertained in the NGU Carboniferous-Permian zircon assemblages are concentrated in the Cambrian-Ordovician time interval that is well documented by detrital zircon ages, ranging from 520 to 453 Ma. This time span fits into the magmatic zircon ages from the Layered Amphibolite Complex (LAC) and different orthogneisses in the WCCB (Putiš et al. 2001 (Putiš et al. , 2003 (Putiš et al. , 2008 (Putiš et al. , 2009a Gaab et al. 2005 Gaab et al. , 2006 . The Cambrian magmatic zircon ages (Supplement, Table S1; Fig. 5 ) were also ascertained in the biotite-plagioclase orthogneiss cobble from the Pennsylvanian Rudňany Fm., with expressive metamorphic overprint at 386 Ma in the zircon rims (present paper). This cobble could be derived from the NGU Klátov Complex, in which biotite-plagioclase gneisses are associated with the prevalent amphibolites (Bajaník & Hovorka 1981; Hovorka et al. 1990; Faryad 1986 Faryad , 1990 Radvanec 1994) . The oldest K/Ar radiometric data from the amphibolites gave 324-281 Ma metamorphic age (Kantor et al. 1981) . The newest zircon data yielded the magmatic Concordia age at 482 ± 9 Ma with indication of remelting at 383 ± 3 Ma (Putiš et al. 2009a ).
In the studied detrital zircon population, metamorphic zircons are scarce and had been noticed either as the rim around the older magmatic cores or as the individual detrital grains. They are concentrated into three-time intervals: i) Upper Devo nian/Mississippian in the range of 387-353 Ma; ii) Lower Ordovician in the range of 476-469 Ma; iii) Upper Ordovician-Silurian in the range of 451-426 Ma (present paper and Vozárová et al. 2013) . Devonian-Mississippian metamorphic/ anatectic ages were described by U-Pb zircon data from the WCCB different orthogneisses, migmatites, metagabbro dolerites, layered amphibolites and leucosome layers in LAC, metatonalites, as well as from metagabbro of the NGU zone Putiš et al. 2003 Putiš et al. , 2008 Putiš et al. , 2009a Gaab et al. 2005) and CHIME monazite ages from WCCB gneisses and micaschists (Janák et al. 2004 ). These metamorphic ages are mainly Variscan. A rare 430 Ma metamorphic age was described from the leucotonalite of LAC complex (Putiš et al. 2008) .
Generally, the Precambrian zircon ages are presented in the very variable amounts (from 8 % to ~30 %). They are relatively frequent in sedimentary formations deposited after the sedimentation break (Rudňany, Hámor and Novoveská Huta formations). Paleoproterozoic (Orosirian/Rhyacian) and Neoarchean ages of 2.0 Ga and 2.5-2.7 Ga respectively predominate among the Precambrian zircons. This population is well documented in the cobble from the Rudňany Fm. conglomerates (sample GZ-36A) with the main age peaks at 2028 and 2688 Ma and smaller peaks with Lower Cambrian/Late Neoproterozoic ages at 537 and 576 Ma (Fig. 5) . As the youngest zircons are Lower Cambrian, the supposed age of this quartzite rock could be Upper Cambrian/Ordovician which corresponds well with the "Armorican Quartzite" lithofacies (Henderson et al. 2016; Fernández-Suárez et al. 2002; Linneman et al. 2004 Linneman et al. , 2014 . In general, the Precambrian detrital zircon population from the NGU Carboniferous-Permian sedimentary rocks are concordant with the Smrečinka Fm. detrital zircon population, from the basal part of the Rakovec Group, which is a part of the NGU Variscan basement (Vozárová et al. 2019) . This dispersal of detrital zircon ages suggests a linkage with Armorican terranes, which are characterized by derivation from the Cadomian arc that resides on the periphery of the West African Craton of North Gondwana. Reworking of the Eburnian crust (1.8-2.1 Ga) is characteristic. But, the recycling of the small number of Tonian-Stenian (0.8-1.0 Ga) and Grenvillean ages (1.2-1.5 Ga) were ascertained in detrital zircons from the NGU Permian sequences. This zircon population is not characteristic for the Armorican/West African Craton provenance (e.g., Linnemann et al. 2007; Abati et al. 2012; Gärtner et al. 2013 Gärtner et al. , 2016 Henderson et al. 2016) . Nevertheless, a small number of Mesoproterozoic ages were also described from the Armorican Quartzites of the Cantabrian Zone of NW Iberia (Fernández-Suárez et al. 2002; Guttiérrez-Alonso et al. 2007) , as well as from the Ordovician sandstones of Corsica (Avigad et al. 2018) . Perhaps, the presence of Mesoproterozoic zircons in the NGU Pennsylvanian-Permian sequence, at least in small proportions, indicates a possible presence of the pre-Neoproterozoic crustal vestiges that were accreted within the Western Carpathian Variscan orogenic domain. Another possibility is the derivation from the Southern Gemericum basement, in which Tonian-Stenian zircon ages are relatively common, but the Grenvillean-aged zircons are absent or their presence is negligible (Vozárová et al. 2012 (Vozárová et al. , 2017 . Equally, the presence of the Variscan magmatic zircons is the considerable difference between the NGU Carboniferous-Permian and SGU Permian detrital zircon populations. While in the NGU Carboniferous-Permian sediments these igneous zircons occur continuously in all formations, in the SGU Permian they are present only in the upper lithostratigraphic unit (Štítnik Fm.; Vozárová et al. 2012) . But that would presume the large transform emplacement of the SGU basement, in which it was incorporated into the Variscan collisional belt in the Permian.
Conclusion
The detrital zircon age patterns of the Carboniferous-Permian sedimentary basins in the Northern Gemericum were controlled by tectonic settings, connected with the gradual closing of the Variscan collisional suture.
The Mississippian detrital zircon population is characterized by its unimodal distribution, with a sharp age peak at 352 Ma. Among those, the dominant portion is represented by detrital zircons of igneous origin, with ages close to the depositional age of the host sediments, which is consistent with a convergent plate margin setting. The Mississippian basin reflects derivation from a magmatic arc that was nearly coeval with accumulation of the sediments.
The Pennsylvanian detrital zircon population is distinctive because of the multimodal distribution and increased amount of Neoproterozoic and Neoarchean ages. This pattern reflects the variable amount of zircon detritus from syn-collisional magmatism (peaks at 335 and 357 Ma) and the pre-existing magmatic rocks associated with opening of the Rakovec sedimentary trough (from 453 to 520 Ma), as well as a band of older ages (577-667 Ma and 2021-2696 Ma, respectively), reflecting the units caught in the Variscan orogenic belt. The Pennsylvanian basin was formed during continental collision, in the foreland setting.
Basically, the same trend in the distribution of detrital zircons was also found in the Permian sediments. The only difference is the presence of younger magmatic ages, from Kasimovian/Gzhelian to Asselian (306-294 Ma) and . This pattern reflects a postcollisional, extensional type of sedimentary basin. Zircons with ages close to the depositional age of the Permian formations reflect rift-related magmatic activity. Table S1 : Microprobe analyses of plagioclases and garnets from the sample GZ-55. GEOLOGICA CARPATHICA, 2019, 70, 6, 512-530 Hrádok Fm. Error in Standard calibration was 0.4 % (not included in above errors but required when comparing data from different mounts).
Supplement
(1) Common Pb corrected using measured 204
Pb. GEOLOGICA CARPATHICA, 2019, 70, 6, 512-530 Error in Standard calibration was 0.4 % (not included in above errors but required when comparing data from different mounts).
Pb. Error in Standard calibration was 0.5 % (not included in above errors but required when comparing data from different mounts).
Pb.
(2) Common Pb corrected by assuming 206 Pb.
